Introduction
In Germany, on average close to 7 million whole blood, plasma, and cytapheresis donations are collected each year. To ensure their safety a careful selection of blood donors is needed. Potential risks for transfusion-transmissible infectious diseases (TTI) are usually identified by donor history questionnaires (DHQ) and donors who pose higher risks are deferred from donation. Successful rejection of infected applicant donors requires identification of possible risk factors using plain and comprehensive questions. Moreover, disclosure of risk behavior is substantially needed. An appropriate pre-donation education for donors should improve their awareness and may support the acceptance of putatively embarrassing questions about risk behavior.
Effectiveness of those measures was previously assessed by comparing prevalence of infections in (first-time) donors with prevalence in the general population. In the Netherlands, e.g., an approximately 20 times lower HCV prevalence and a 60 times lower HIV prevalence was observed in first-time donors compared to the general population. This was related to an effective selection process and responsible self-deferral [1] . In Australia, the HCV prevalence in first-time donors was at least 12 times lower compared to the general population and the HIV prevalence 140 times lower -probably due to a combination of donor education and donor selection [2] . However, these mechanisms seem to be less effective in Germany -HCV prevalence in first-time donors was only reduced by a factor of 5 (61/100,000 first-time donors vs. 300/100,000 general population (18-79 years) [3] ), and HIV prevalence was reduced by a factor of 20 (5.8/100,000 vs. 136/100,000 (20-69 years) [4] ). Moreover, in 2013 HCV infections were more frequently detected in blood donors than in the general population, aged 20-69 years (11.7/100,000 vs. 8.5/100,000). Insufficient recording of risk factors as well as donors' non-compliance with selection criteria may contribute to admission of infected persons to blood donation.
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Summary Background: Potential risks for transfusion-transmissible infections are identified by donor history questionnaires (DHQs), and donors with higher risks are deferred from donation. We assessed to which extent the currently used DHQs support the identification of infections among blood donors. Methods: Between 2006 and 2013, we analyzed data from notified HIV and HCV cases in the general population and positive blood donors in Germany. Logistic regressions were used to identify relevant infection risks. We estimated the possible effect of improved capture of risk factors for donor selection by calculation of population attributable fractions (PAF). Results: Risky sexual contacts -MSM as well as heterosexual contactswere the most prominent infection risks among HIV-infected donors. Whereas MSM contacts were significantly less reported by donors than by cases from the general population, 58% of donors disclosed heterosexual risks compared to 26% of notified cases. The complete identification of heterosexual risk contacts might prevent acceptance of 53% of HIV-infected donors. HCV-infected donors were more likely to report heterosexual exposure, imprisonment, and piercing/tattoo than notified HCV cases. Improved recording of piercing/tattoo could prevent acceptance of 16% of HCV-infected donors. Conclusion: Donor selection should be improved with special attention to the identification of (hetero)sexual risk factors, invasive procedures (piercing/tattoo and imprisonment) applying welldesigned DHQs, effective donor education, and confidential environment in all steps of the selection process.
Investigations of non-compliance with selection criteria usually focused on MSM [5, 6] , as sexual contacts between men are still the most important risk factor for HIV infections in non-endemic countries [7] [8] [9] . However, the extent of non-disclosure or unawareness of other risk factors is so far unknown in Germany.
Risk factors for transfusion-relevant infections were previously identified in the post-donation interview [1] or by comparing noninfected with infected donors [7, 10] . In contrast, we aimed to assess to what degree the currently used pre-donation DHQs support the deferral of infected individuals by comparing transmission risks of donors with those of infected persons from the general population. Risk factors that need improvement in their recording were identified, and the impact of their improved recording was estimated.
Material and Methods
Study Design
We performed a retrospective analysis, which included all notified HIV and HCV cases aged 18-68 years and all HIV-or HCV-infected blood donors in Germany with recorded transmission risks between 2006 and 2013.
Notified HIV or HCV cases from the general population were included in the study if they fulfilled the case definitions. Blood donors were eligible for the study if they were found to be positive for HIV or HCV in the context of a blood donation. Cases and blood donors were excluded if probable risk factors were not recorded.
Pre-donation interviews and examinations for selection of donors are equally performed for both first-time and repeat donors in Germany (no abbreviated DHQs in use). Therefore, we did not stratify our analysis for these subpopulations.
Data Source
HIV and HCV infections are notifiable in Germany according to the Infections Protection Act (general population) and the Transfusion Act (blood donors) and were anonymously reported to the national surveillance databases, which are hosted by the Robert Koch Institute (RKI), Germany's federal public health institute.
Case Definition
General population: HIV infections were notifiable if the infection was diagnosed by detection of HIV antibodies in serum or plasma and confirmation with western blotting. HCV infections were notifiable if the infection was diagnosed by detection of HCV antibodies in serum or plasma and confirmation with immunoblot or if a nucleic acid test (NAT) was positive.
Blood donors: HIV infections were notifiable if the infection was diagnosed by detection of HIV antibodies in serum or plasma and confirmed with western blotting or detection of viral nucleic acid. HCV infections were notifiable if the infection was diagnosed by detection of HCV antibodies in serum or plasma and confirmed with immunoblot or by positive NAT .
Data Analysis
Age groups (18-24 years; 25-34 years; 35-44 years; 45-54 years; 55+ years) were created for reports from the general population in order to resemble the age classes used for blood donor surveillance reports in Germany. Residence was classified as metropolis if the blood establishment reported residence of an infected blood donor in a city > 100,000 inhabitants or if an infection of an individual in the general population was reported by local health department of a metropolis (>100,000 inhabitants).
Infected blood donors and infected persons from the general population were described with respect to demographic characteristics. Statistical significances of demographic and risk-specific differences between blood donors and the general population were checked by means of χ² test. Age differences were checked using the Wilcoxon rank-sum test.
Recording of HIV transmission risks differed between blood donors and the general population. The categories MSM contact, heterosexual risk contact, intravenous drug use and occupational exposure are used for both types of notification (blood donors and the general population). For blood donors, additional exposure categories were available like piercing/tattoo, sex work, household exposure, and imprisonment. The category 'intravenous drug use' also included nasal drug use. These were not recorded separately for HIV-infected subjects in the general population and therefore, summed up in the category 'others'. Multiple answers were allowed.
Weighted proportions of possible transmission risks were given considering multiple (competing) risk reports. Infected persons who reported n possible transmission risks contributed with 1/n to the total proportion of a particular risk factor.
Univariable analysis was performed for all transmission risks. We estimated univariable odds ratios (OR) and 95% confidence intervals (95% CI) using logistic regression with adjustment for the probable confounding effects of age group, sex, and type of residence.
Multivariable logistic regression modeling was used to identify transmission risks which describe infected blood donors compared to the general infected population. We employed a forward stepwise selection strategy with the forcedin confounding variables and transmission risks as candidate variables that had a p-value <0.05 in univariable analysis.
Population-attributable fractions (PAFs) are usually estimated based on multivariable models to quantify the proportion of (ill) cases that can be attributed to one or more specified risk factors. They describe the reduction in the population affected that would occur if particular risk factors are completely absent. In the context of our study, PAFs were used to estimate the possible effect of improved capture of infection risks on the admission of infected donors. They represent the (theoretical) reduction of infections if the responsible risk factor was identified completely by DHQs. PAFs for transmission risks in the final multivariable model were calculated with 95% CI based on the method described by Greenland and Drescher [11] and Newsom [12] .
We performed a sensitivity analysis and used a multiple imputation method to assess the possible impact of missing transmission risk data to our analysis. Based on statistical associations between demographic data and several transmission risks, (plausible) values were imputed for each transmission risk. The sensitivity analysis was performed with a data set including all infected blood donors and infected persons from the general population which were excluded from the study due to non-recording of infection risks.
All statistical analyses were performed using STATA/SE 14.0 (StataCorp LP, College Station, TX, USA).
Results
HIV
Between 2006 and 2013 22,044 new HIV diagnoses in the general population (HIV+ GP) and 789 HIV infections among blood donors (HIV+ BD) were reported to the national databases. Information about transmission risks were available for 309 blood donors (39%) and 17,366 persons in the general population (79%, p < 0.001).
HIV+ BD with reported transmission risks differed from those without reported risks: HIV+ BD that were included in the analysis were significantly younger (median age 28 years vs. 33 years, p < 0.001) and lived more frequently in metropolis (60% vs. 51%, p = 0.013) than excluded HIV+ BD. Enrolled HIV+ GP were also significantly younger (median age 36 years vs. 38 years; p < 0.001), lived in a metropolis more frequently (69% vs. 59%, p < 0.001), and were more often male (88% vs. 69%, p < 0.001) compared to excluded HIV+ GP.
HIV+ BD and HIV+ GP with reported transmission risks were similar with respect to sex but were significantly younger (median age 28 years vs. 36 years; p < 0.001) and lived in a metropolis less frequently than HIV+ GP. Demographic characteristics of both populations are listed in table 1.
Sexual contacts were the most prominent reported risk factors among HIV+ GP as well as HIV+ BD -285 HIV+ BD (92%) and 16,675 HIV+ GP (96%) reported either MSM or heterosexual risk contacts, or both. When more than one risk was reported, weighted proportions for sexual risks were 82% for HIV+ BD and 95% for HIV+ GP. HIV+ BD had a significantly higher proportion of heterosexual risk contacts compared to HIV+ GP, whereas HIV+ GP reported MSM significantly more often than HIV+ BD ( fig. 1,  table 1 ). Furthermore, occupational exposure and 'other' transmission risks were reported significantly more often by HIV+ BD than by HIV+ GP. In contrast, drug use was significantly more frequent among HIV+ GP. Multiple risks were recorded 10 times more frequently in HIV+ BD than in HIV+ GP (29% vs. 3%, p < 0.001).
All recorded risk factors were significantly associated (negatively or positively) with the status 'blood donor' in univariable analysis adjusted for the confounding effects of age, sex, and residence (table 1) .
The final multivariable model included MSM, heterosexual risk contact, occupational exposure, and others as transmission risks with significant positive association to blood donors. (table 2) . The PAFs for the single transmission risks range from 6% (occupational exposure) to 54% (heterosexual risk contacts).
The sensitivity analysis confirmed the results of the complete case analysis: heterosexual risk contacts, occupational exposure, and 'other' transmission risks were found to be significantly associated with the status blood donor with an OR > 1 (p < 0.001) in the univariable analysis of transmission risks and could be identified as risk factors for underestimation in blood donors by multivariable analysis as well. Estimated PAFs were comparable (heterosexual risk contacts 48%, occupational exposure 8%, 'other' transmission risks 25%). 
HCV
Between 2006 and 2013, data on transmission risks were available for 674 out of 3,469 (19%) notified HCV cases among blood donors (HCV+ BD) and for 22,707 out of 41,237 (55%) notified HCV cases in the general population (HCV+ GP; p < 0.001). HCV+ BD and HCV+ GP with reported transmission risks differed from those without reported risks: HCV+ BD with reported risks were significantly younger (median age 33 years vs. 37 years, p < 0.001) and lived in a metropolis more frequently than excluded HCV+ BD (57% vs. 41%, p < 0.001) Enrolled HCV+ GP were also significantly younger (median age 38 years vs. 42 years, p < 0.001) but lived less frequently in a metropolis (39% vs. 41%, p < 0.001).
HCV+ BD and HCV+ GP with reported transmission risks were similar with respect to sex distribution (table 3) but HCV+ BD were significantly younger (median age 33 years vs. 38 years; p < 0.001) and lived in a metropolis more frequently.
Whereas drug use was the most prominent risk factor among HCV+ GP (weighted proportion 41%), nosocomial exposure represented the largest proportion in HCV+ BD (33%, fig. 2 ). Transmission risks that were significantly more often reported by HCV+ BD were: heterosexual risk contacts, imprisonment (>3 days), piercing/tattoo, occupational exposure, and nosocomial exposure. In contrast, drug use was significantly less frequently reported by HCV+ BD. No differences were found for reporting of MSM contacts and household exposure (HCV+ person in the same household).
Competing transmission risks were reported more often by HCV+ BD (39% vs. 34%, p = 0.01). The univariable analysis of risk factors showed significant associations between the status 'blood donor' and the risk factors heterosexual risk contacts, imprisonment (>3 days), piercing/tattoo, occupational exposure, nosocomial exposure, and drug use (table 3) .
The factors imprisonment (>3 days), piercing/tattoo, heterosexual risk contact, and drug use remained significantly associated with BD in the final multivariable model that additionally included the significant interaction between sex and age group. PAFs of positively associated risk factors were 5.4% for imprisonment, 6.6% for heterosexual risk factors, and 16.6% for piercing/tattoo (table 4) .
The sensitivity analysis confirmed positive association (OR > 1; p < 0.01) of the transmission risks imprisonment, piercing/tattoo, and occupational exposure with blood donors in the univariable analysis.
Discussion
Donor selection and identification of risk factors for TTI is an important step in maintaining the high level of blood safety. Still, a varying percentage of donors are identified with HIV and HCV infections with deferrable risks that were not detected or reported in the donor selection process [1, 5, 13, 14] . Comparison of risk factors among infected blood donors and infected individuals from the general population is only rarely used to assess the effectiveness of blood donor selection procedures. Risk factors for TTI and efficiency of donor selection are usually determined within the population of accepted donors [7, 15, 16] . However, we decided to use general population as an assessment reference for donor selection, since infected applicant donors are part of the general population but not part of the accepted donor population. By comparing risk factors for HIV and HCV infections of blood donors and the general population, we identified transmission risks of TTI that were more prevalent in infected blood donors than in cases from the general population. Their impact was calculated using PAFs for the first time. This indicates challenges for their appropriate identification and for donor education. The largest potential for improvement was found for sexual risk contacts, both heterosexual and MSM (HIV), and piercing/tattoo (HCV), which was also shown for Australia [17] . Although most criteria for (temporary) deferral only target the prevention of window phase donations, an improved recording of transmission risks could reduce the risk of undetected infections among donors. The remarkable impact of effec- tive risk-based donor selection and informed donor self-deferral was shown by Yang et al. [18] , who estimated a four-fold increase of HIV window period donations in case of donor admission exclusively by NAT. In addition to donor adherence to deferral policies, the appropriate recognition of sexual risk behavior and subsequent (temporary) deferral of applicant donors seems to be a key measure to avoid TTI, especially HIV infections. However, recording of MSM as well as heterosexual risk behavior remains a challenge and is discussed intensively. In Germany, a uniform DHQ was introduced (for voluntary use), which addressed sexual behavior directly to avoid donors' self-assessment of their infection risk. Pre-evaluation studies showed a higher percentage of correct answers about sexual risk behavior [19] compared to the established DHQs, but a notable portion of donors considered those questions as too personal [20, 21] . However, it was also shown that questions dealing with sexual risk behaviors were accepted -despite the discomfort -if the questions were demonstrated to potentially increase blood safety [20] . Therefore, in addition to appropriate donor education, the proposed uniform DHQ can help reduce the proportion of donors with sexually transmitted TTI. Sexual risk factors should not only be focused on MSM behavior. Our results showed that heterosexual risk exposures are identified less frequently compared to MSM. In a recent analysis in the UK sex between men and women (SBMW) were frequently reported probable exposures, accounting for 34% of infections. A new sexual partner was identified as a risk in 4/6 men with SBMW and in 5/6 MSM. Women acquired their infection from new partners (3/9) but also from steady partners who did not disclose their respective risk to the women prior to the blood donation [22] . In a study in the Netherlands incident HBV infections were analyzed. Of the 6 donors, 3 reported a new heterosexual partner, 2 were MSM with recent change of partner, and 1 heterosexual donor had a steady partner with sexual relations outside the steady partnership [23] . Although not all donors are aware of their risk and some donors do not perceive their behavior as risky (e.g. donors in steady partnerships), studies showed that a considerable proportion of infected donors is aware of risk behavior and makes use of the free, sensitive, and confidential testing to check infection status. A study among US donors with sexually transmissible viral infections showed 19% test-seeking donors [24] ; in France 56% of HIV-infected donors reported test-seeking motivation [25] . In a German case control study, HIV test seeking behavior was significantly more present in HIV-positive donors than in controls [26] . In our opinion, only a comprehensive education of candidate donors about the risks of undetected infectious donations for recipients, other confidential and free test offers and about confidential self-deferral options may help to reduce the risks for TTI which is introduced by test seekers.
A further reduction of TTI might be possible by improved capture of risks apparently related to tattoos and piercings. Although a direct transmission of infections by tattooing/piercing should be excluded due to mandatory hygiene rules, our results correspond to Australian findings [17] where tattoo/piercing prevalence in HCV-infected blood donors was increased four-fold compared to infected persons from the general population. Tattoos were found to be associated with HCV infections even if adjusted for other traditional HCV risk factors [27] but causal evidence is sparse. On the other hand tattoo/piercing is also related to risky sexual behavior and drug use [28] and may in fact be surrogate for undisclosed infection risks. This could also explain our observation of a high percentage of HIV-infected blood donors which reported tattoo/piercing (55/309, 18%, included in the category 'others'). Careful assessment of tattoo/piercing of donors is therefore suggested.
Although former imprisonment is rare among blood donors, improved disclosure of this risk factor would have potential to reduce TTI as imprisonment is commonly associated with higher prevalence of infectious diseases [29] .
Our study is subject to potential limitations. Infected blood donors have to be notified to the database for infections of blood donors as well as to the national surveillance database for infectious diseases. Due to anonymity of the datasets, infected blood donors could not be extracted from the comparison group (infected persons from the general population), but in view of the much larger comparison group in relation to the infected blood donor population, the introduced bias should be negligible. However, whereas validity of the shown critical risks in blood donors should not be affected by dataset limitations, we could not exclude erroneous rejection of risk factors from multivariable modelling due to underestimation of effects in the analysis.
Furthermore, completeness and reliability of reported risk factors could not be evaluated and might be different between the databases. Some risk factors are prone to nondisclosure due to personal risk perception [5] , avoidance of social undesirability, legal consequences, or perceived lack of confidentiality [13] especially in the group of infected blood donors (e.g. sexual risk behavior and drug use). Therefore, estimates for these risk factors were potentially underestimated.
In addition, due to the de-centralized blood establishment system with large proportions of mobile blood drives, not all results from post-donation interviews of blood donors were reported. Therefore, the proportion of infected blood donors with reported risk factors is less complete than that of infected individuals from the general population. However, the sensitivity analysis showed consistency between the analysis of cases with complete recording of transmission risks and the datasets including multiple imputations, especially for HIV infections. Therefore, HIV-infected persons with reported risk factors could be regarded as a representative part of the HIV-infected population. In case of HCV-infected blood donors, relevant underreported risk factors could also be confirmed by our sensitivity analysis, but recording of transmission risks has to be improved substantially to facilitate further analyses.
Conclusion
The donor selection process should be improved with special attention to the identification of (hetero)sexual risk factors, inva-sive procedures like piercing/tattoo, and imprisonment. This could be done by well-designed DHQs, effective donor education, and confidential environment in all steps of the donor selection process.
Moreover, improved activities regarding post-donation recording of TTI infection risks are needed for assessment and probable adaption of currently used DHQ s and specification of deferral criteria. Special attention should be paid to heterosexual risk behavior.
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